Introduction 1 0 0 map transgenic alleles in plants due to its depth of sequencing capacity (Guo et al., 2016 Polko et al., 2012) . However, because this method produces short reads, a high 1 0 2 degree of sequencing depth is needed, especially in crops that have large genomes that are rich in 1 0 3 repetitive sequence. This in turn, impacts the cost per transgenic locus mapped. In addition, 1 0 4 short-read sequencing data is challenging to resolve transgene insertion position in many plant 1 0 5 species, such as soybean, due to issues related with genome rearrangements and copy-number 1 0 6 variations, which may lead to inaccurate mapping locations. Recently, single molecule real-time (SMRT) sequencing technologies have been developed that 1 0 9 provide long-read sequencing datasets. These SMRT platforms developed by Pacific Biosciences 1 1 0 (PacBio ® ) and Oxford Nanopore Technologies ® offer significant attributes for genotyping plant 1 1 1 species. The most significant benefit is long read lengths, with Pacbio ® platform generating up to 1 1 2 60 kb reads, and Nanopore ® reads being up to ~ 1Mb (Jain et al., 2018; Lu et al., 2016) . Both 1 1 3 technologies have been used in genome assembly (Badouin et al., 2017; Jain et al., 2018;  1 1 4 Michael et al., 2018; Rhoads and Au, 2015; Schmidt et al., 2017) ). The MinION device, which 1 1 5 was developed by Nanopore ® technology and entered the market in 2014, is a portable apparatus 1 1 6 with less than 100g in weight. Furthermore, it is compatible with a PC or laptop with USB 3.0 1 1 7 ports (Jain et al., 2016) making it a flexibility attribute permitting use outside of a laboratory 1 1 8 setting (Castro-Wallace et al., 2017) . In addition, compared with PacBio ® , the Nanopore 1 1 9
Technology apparatus is affordable in most laboratories. Thus, the MinION platform provides 1 2 0 potential for a high-throughput, cost-effective strategy to map transgenic alleles in plant species 1 2 1 with complex genomes. Described herein is a Nanopore Technology®-based platform pipeline designed for high-1 2 4 throughput mapping of transgenic alleles in plant species. Employing a target enrichment 1 2 5 approach using a combination of oligo probes to capture DNA fragments containing the 1 2 6 transgenic allele, permitted the rapid identification of map position of 51 transgenic alleles in a 1 2 7 single 1D sequencing-run. The calculated cost incurred by the procedure to map 51 transgenic alleles is estimated to be $1,360, and the results are generated within one week. The reads with 1 2 9 the transgenic allele averaged in the hundred, for each sample, suggesting that pooling can be 1 3 0 further enlarged. These results demonstrate that this Nanopore ® -based sequencing method is 1 3 1 rapid, convenient, reliable, cost-efficient and high-throughput. Thorne genetic background. DNA from of soybean leaves were extracted using CTAB method (Healey et al., 2014) NEB) for 5 minutes at 20°C and 5 minutes at 65°C using a thermal cycler, followed by 1 4 8 purification with the AMPure XP beads in a 1.5 ml DNA LoBind Eppendorf tube. After end-1 4 9 repaired, DNA fragments were ligated to the Barcode Adapter from the barcode Kit 1D (EXP-1 5 0 PBC001, Nanopore) using Blunt/TA Ligase Master Mix (M0367L, NEB). Following purification 1 5 1 with AMPure XP beads, the DNAs were ligated to the Barcode (EXP-PBC001, Nanopore) using 1 5 2 LongAmp Taq (M0287S, NEB). The barcoded DNA library was then purified with AMPure XP 1 5 3 beads. After barcoding, the library was purified with pheno/chloroform method, and diluted with 1 5 4 4.8ul H 2 O+8.5ul xGen 2X Hybridization buffer, then add 2.7ul xGen Hybridization enhancer 1 5 5 (1072281, Integrated DNA Technologies, IDT) and 1ul probe. Then hybridization was 1 5 6 performed at 65°C for 4h in a thermal cycler. After hybridization, the targets were captured by following the manufacture's protocol, the captured target fragments were amplified for 12 cycles AMPure XP beads, which were subjected to second round enrichment (step 3 and 4), or library 1 6 3 6 construction following manufacturer's instruction. The 5' dual biotinylated probe was 1 6 4 synthesized from IDT and its sequence is shown probe in Supplementary Table S1 . Following target enrichment, barcoded libraries were pooled and 1 μg samples were end-repaired 1 6 8 with the Ultra II End-prep enzyme, purified with the AMPure XP beads and then ligated to the 1 6 9 sequencing adaptor (SQK-LSK108, Nanopore) with the Blunt/TA Ligation Master Mix. After 1 7 0 purification with the AMPure beads, the adapted DNA libraries were sequenced in the flow cells 1 7 1 (R9.4 version, FLC-MIN106, Nanopore). After 20-24 hours, the sequencing was stopped. To assess the target enrichment, 2% of samples were used as templates to perform quantitative shown in Supplementary Table S1 . PCR reaction was performed with primers listed in Supplementary Table S1 using the condition: products were isolated with 1% agarose gel and visualized by Ethidium bromide staining. All barcoded reads were de-multiplexed and adapters were trimmed off using the Porechop with the Ds target sequence, the Ds target sequence was searched against trimmed reads for each 1 8 8 sample with E-value ≤ 10 -3 . For all hits with the Ds target sequence, the 5' end and 3' end 1 8 9 sequences of the Ds target sequence were scanned on each read to identify long reads with one or 1 9 0 two complete ends of the Ds target sequence. Sequences on 5' end and/or 3' end sequences of 80% sequence identity were kept. The genomic location for each flanking sequence were 1 9 5 determined based on its alignment. The insertion sites were determined based on statistically 1 9 6 enriched flanking sequences. The zero-inflated Poisson regression was used to model count data 1 9 7 that has an excess of zero counts. All read counts were fitted into the Zero-inflated Poisson 1 9 8 regression model with the R package, ZIM. For each peak of read counts, to determine if it was 1 9 9 a significant peak, a P-value was calculated as the probability of observing a count value equally 2 0 0 as extreme, or more extreme, than the given read count based on the fitted distribution the Ds element harbors the cassava vein mosaic virus promoter (CsVMV) as an activation tag. The selected soybean lines were previously genotyped via Southern blot analysis to ascertain the 2 1 1 presence of the Ds loci and the absence of Ac allele, along with mapping of the Ds allele using 2 1 2 TAIL-PCR ( Fig. 1A and Supplementary Fig. S1 ). To assess the power of MinION sequencing to approximately one million reads, resulting in about 2.8 Gb of sequence data (Table 1) . Mining 2 1 7 the sequence data for Ds element revealed two reads containing the Ds element (Table 1) . One was 6,806 bp, containing the full-length Ds element flanked by 2,347 bp 5' upstream sequences 2 2 0 and 3,047 bp downstream flanking the Ds sequence (Fig. 1C) . The identified Ds junction 2 2 1 fragment sequences were mapped to the soybean Glyma.15g128600 gene (Fig. 1C) , in about the insertion site (Fig. 1A) . The data revealed a 360 bp PCR product amplified from the endogenous Glyma.15g128600 gene when control DNAs were used as templates, and a 1526 bp 2 2 6 fragment predicted to carry the Ds/junction target sequence amplified from DNAs of the 2 2 7 transgenic soybean plants (Fig. 1D) . These results demonstrate the potential of MinION 2 2 8 sequencing to map a transgenic allele in the soybean genome. However, given the few reads that 2 2 9 contain the Ds, refinement in the genomic DNA processing steps would be required for a high 2 3 0 throughput/cost effective mapping pipeline with this technology. To improve read counts around the junction of a transgenic allele, a PCR-based method to enrich 2 3 5 the target sequences in the DNA library (Fig. 2) was developed. To test the enrichment protocol, for fragmentation of DNA to approximate 8 kb, end-repairing and dT-tailing, with subsequent 2 3 9 ligation to barcode adapters and PCR-barcoding (Fig. 2) . The resultant reaction products were 2 4 0 subjected to a 120nt 5'-dual biotinylated probe designed to capture the transgenic Ds allele ( Fig.   2  4  1 2). Following the probe capture step, the probe-captured fraction was re-amplified by PCR and 2 4 2 products were pooled for sequencing ( Fig. 2) . Total readings obtained were 357765 and 326189 2 4 3 for Line 2 and Line 3, respectively ( Table 2 ). The average read length of Line 2 was 2426 bp 2 4 4 with the longest read of 20453 bp (Table 2) , while the average read length of Line 3 was 2445 bp 2 4 5 with the longest read of 48971 bp (Table 2) . Among the reads obtained implementing the 2 4 6 enrichment steps, 203 and 438 contained the Ds-allele sequence, for lines 2 and 3, respectively, 2 4 7 which correctly mapped to gene calls, Glyma.19g105100 and Glyma.11g247400, respectively 2 4 8 ( Fig. 3A, 3B, and Table 2 ). The map positions were re-confirmed using PCR analyses 2 4 9 incorporating a primer set designed to amplify Ds/junction fragment region (Fig. 3C ). Given the high number of reads containing the Ds element, following the targeted enrichment 2 5 2 approach, the method appeared to be amendable for higher throughput by increasing sample pool Line 18) were selected for integrating a pooling strategy with the targeted enrichment method. Here five DNA pools, each of which contained DNAs from three soybean lines (Table 3 and reads of each DNA pool were successfully mapped to three positions in the soybean genome 2 7 0 ( Supplementary Table S2 ; Fig. 4C showing a position of readings at soybean genome from Pool in the hundreds (Table 3) to ten lines (Table 4) , for minion sequencing. The outcome from this expanded throughput 1 0 sufficient to successfully map the transgenic allele in each of the 51 soybean lines analyzed 2 8 8
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( Supplementary Table S3 ).
Communicated herein is a long read and affordable sequencing-method suitable for high- sequencing the transgenic allele in 51 independent lines were successfully mapped in a single 3 0 5 sequencing run. Importantly, the reads containing the target allele are sufficient to accurately 3 0 6 map a transgenic allele back to a reference genome. Thus, it is likely that sample pools can be 3 0 7 further enlarged. Moreover, the target enrichment method still has potential for additional 3 0 8 refinement given the ratios of reads containing the target sequences per total read count are still labor. If pooling can be expanded, the cost will be further reduced. In addition, after one round purification, we may also use primers that recognize the target and adaptor to amplify the target 3 1 5 containing fragments, which will eliminate second round purification and improve specificity, and thereby reduce the cost and allow pooling more samples. Fourth, it is rapid with the 3 1 7 timeframe from DNA fragmentation to mapped transgenic allele being approximately one week. Lastly, since MinION is a portable device that can run at a laptop or desktop computer, 3 1 9 permitting utilization of this tool to modestly equipped laboratories globally, it has unrivaled 3 2 0 convenience and broad usability. The introduction of novel genetic variation into higher plants through the tools of transgenic we used this method to determine a population of soybean lines containing a ~5kb transgene. The average reads containing the Ds elements are more than one hundred, which should be 3 3 1 sufficient to identify multiple insertion events in the genome. However, it may still be a 3 3 2 challenge to identify transgene copy numbers with the current target enrichment method when The Ds-containing fragments were enriched one or two rounds. The enriched fragments were pooled and sequenced. and Line 15 without insertions in this gene generated 462 bp fragments (indicated as arrows).
Line 15 containing a Ds insertion in Glyma11G181700 gene produced a 1560 bp fragment, while Line 13 and Line 14 without insertions in this gene generated 394 bp fragments (indicated as arrows). 
